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Abstract
This study explored the effect of retrieval practice and metacognitive reflection on student
outcomes. Participants included seventeen 11th and 12th-grade Psychology students from a rural,
midwestern high school. Students utilized rehearsal practice, ungraded quizzes, and
metacognitive reflection over 14 weeks of hybrid and distance learning models during the
COVID-19 pandemic. Data was collected through pre and post-questionnaires, an observational
journal, and assessment scores. Student outcomes were measured through participant self-reports
and assessment scores. The findings showed strong student preference towards ungraded
quizzes, as all post-questionnaire participants indicated they felt the strategy helped them learn
what they did or did not know. Students liked that the strategy was low-pressure, reinforced the
content, and helped build their confidence. Future research is needed to examine the benefits of
pairing ungraded quizzes and metacognitive reflection.
Keywords: retrieval practice, testing effect, metacognitive reflection, secondary
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In today’s world of convenient educational blogs, feeds, podcasts, and webinars, it would
be easy to assume the best educational practices are the norm in the classroom. Educators would
root themselves in evidence-based methods as they strive to find ways for their students to
achieve positive outcomes in their classes. Students would grasp onto strategies that result in best
learning and organically implement them without a teacher’s direction. Unfortunately, this is not
the case. Both teachers and students often erroneously use strategies that result in quick and easy
learning, only resulting in short-term outcomes (Roediger & Pyc, 2012). Students report their
primary methods for studying and relearning include rereading and highlighting or underlining
notes and predict they will do better after rereading or restudying something (Karpicke et al.,
2009). Those methods, however, are not empirically supported best practices for long-term
learning. At other times, students ineffectively adopt the mindset that “one and done” shows they
have learned (Ariel & Karpicke, 2018). If they can accurately recall something once, they do not
feel the need to study what they believe they already know.
Ariel and Karpicke (2018) reported that students’ decisions about what to learn are based
on their monitoring of their learning. Unfortunately, students are poor predictors of their actual
learning (Carpenter et al., 2016). Educators are faced with helping students succeed, but those
outside of the cognitive and educational psychology realms rarely formally know research-based
methods for student success (Roediger & Pyc, 2012). Even with those that do, students often
receive little to no direct instruction on effective methods, which causes them to fall back on
ineffective strategies like rereading or restudying (Karpicke, 2009). With many upper-level
students choosing to enroll in advanced course offerings, these noted errors by students and
educators are especially concerning.
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In just over the past ten years, the number of public school students taking potential
college-credit earning Advanced Placement (AP) courses has risen 65% (College Board, 2019).
Since 1967, over seven million College-Level Examination Program (CLEP) exams have been
given, and in the eight years leading up to the 2010-2011 school year, student enrollment in
college courses in high schools rose 72% (College Board, 2017; Thomson, 2017). These trends
show the growth of college-credit opportunities for high school students in the nation. Studies
find that students enrolled in college-credit courses at the high school level show more
preparedness for college classes, are enrolled in a degree program at higher levels, have higher
college GPAs, and are more likely to attain their degree than students without high school
college credits (Burns et al., 2019).
While high school students’ opportunities to complete post-secondary credit are
numerous and growing, these credits hinge on passing the final assessments with an accepted
score. In my high school Psychology course, each year a handful of students do not earn the
CLEP credit although they took the entire year-long course. They are either ineligible for the
CLEP test due to low class grades or not passing the exam. If success in an advanced course is
defined as achieving the necessary score to earn college credit and learning skills to benefit them
inside and outside the school building, educators need to rely on methods that help students
rehearse and accurately evaluate their own learning for the best chances for student success.
Additionally, putting ownership of these methods into the students’ hands is key for the
strategies to continue to benefit the students even after the class. Given the increases in student
enrollment in advanced courses, the importance of research-based methods to help students also
succeed undoubtedly increases.
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This research took place in an 11th and 12th grade elective introductory CLEP-prep
Psychology course in a rural public school. While no specific hypotheses were generated, the
purpose of this research was to identify evidence-based methods that help students learn better
rehearsal strategies and hone judgment of their own learning for class tests, on the eventual
CLEP exam, and in their future studies, for better overall student outcomes.
Theoretical Framework
Information Processing Theory
To understand the details of student learning, one must understand the basics of the
information processing theory. According to Schunk (2012), the information processing theory
focuses on perspectives related to cognitive function and related phenomena, specifically
building off the Atkinson-Shiffrin model of memory (1968). Mental processes are at the
forefront of the sub-theories within information processing. As taught in introductory
Psychology classes around the world, Atkinson-Shiffrin's basic model of information processing
follows. A stimulus first enters the sensory register. If given attention, the stimulus enters the
short-term memory (STM). If elaborated upon, it enters the long-term memory (LTM) and is
categorized with other related things that one already knows. Once that information is needed
again, retrieval processes pull the information from LTM back to STM. STM is limited in
capacity, while LTM has no currently known limitation. If not transferred to LTM, the
information will be lost.
Within information processing, issues can arise during initial intake and with forgetting.
There are many theories as to why forgetting happens, such as: interference, the strength of the
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original encoding, disrupted or altered neural pathways, the distortion or merging of information,
and decay (Schunk, 2012).
Rehearsal Strategies
Rehearsal strategies improve the amount of new information that moves into LTM and
reduces the amount of forgetting that happens over time. Rehearsal strategies are sometimes also
simply called retrieval practice. These strategies include retrieving information from LTM to
improve memory of said information for the future (Littrell-Baez et al., 2015).
Review of Literature
Many studies across time and context have focused on strategies for increasing student
outcomes. Effective solutions were found through implementing various rehearsal strategies,
understanding the impact of individual differences between students, and developing student
metacognition to improve student outcomes.
Rehearsal Practice Strategies
Three strategies highlighted in the literature for improving LTM include retrieval practice,
distribution of learning, and successive relearning.
Retrieval practice - Retrieval practice is defined as the “act of practicing retrieving
information from memory in order to enhance its long-term retention” (Littrell-Biaz et al., 2015,
p. 683). It is also commonly called the testing effect, which explains the tendency that those who
are tested or quizzed on material recently learned will have better long-term recall than those
who simply reread or study (Adesope et al., 2017; Agarwal, et al., 2012; Khanna, 2015; Khanna
et al., 2013; Roediger et al., 2011; Roediger & Pyc, 2012; Schwieren et al., 2017).
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In a meta-analysis of 19 studies, the effect size of the testing effect was analyzed
specifically in Psychology classes (Schwieren et al., 2017). The meta-analysis included four
major conclusions about the testing effect strategy. First, they gave recommendations to apply
retrieval practice through tests as results showed significant effect amongst studies analyzed.
Second, they noted to utilize practice tests for formative assessment, not just summative, but that
it is vital to explain the difference to students clearly. Third, they indicated that feedback from
practice testing could enhance subsequent learning, consequently helping students know what
they do not know. Lastly, the studies’ analysis gave evidence that using the testing effect is a
low-risk method as only one experiment within one study noted a significant negative impact.
In another meta-analysis on the testing effect, an analysis of 118 articles showed the
impact of varying conditions across classroom subjects and ages of learners (Adesope et al.,
2017). Only five of the studies in the meta-analysis by Schwieren et al. (2017) were included in
this study. Unlike the first meta-analysis (Schwieren et al., 2017), this was not specific to a
particular subject area. A handful of findings and suggestions arose from their analysis. First, the
testing effect was more robust in studies that utilized rehearsal strategies than those that relied
only on rereading or restudying. This gives weight to the general rehearsal strategies compared
to many students' default of just going over things again. Second, the researchers recommended
that practice testing involve varying formats due to the significant effect size with mixed formats.
Furthermore, related to format, transfer-appropriate processing strength showed in studies where
the practice tests and final tests had similar formats. The researchers caution, though, that this
may be due to familiarity or recognition of the questions, not actual learning. Third, in contrast to
previous works (Rawson & Dunlosky, 2011), they recommend only one pretesting session rather
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than multiple sessions based on effect sizes they found. However, they note that the pretest to
final test's timing outweighs the number of tests: a one-day gap was not as strong as a
one-to-six-day gap. Additionally, contrary to the other meta-analysis finding (Schwieren et al.,
2017), feedback on pretesting did not show a significant difference in post-test scores than
studies without feedback. However, they note that both studies with and without feedback on
pretests show a significant effect over no pretesting at all. Therefore, both feedback and no
feedback are useful in the context of practice tests. They note this is counter to many major
works and said it should be an area of further study. Importantly, they found that retrieval
practice showed positive effects on end learning across all age groups in the analyzed studies.
Their final concluding recommendation from the meta-analysis stated to utilize low-stakes
testing in the classroom to promote meaningful learning.
Outside of meta-analyses, individual studies have also shown the validity of the testing
effect for specific implications. A review of five years worth of studies at a middle school with
over 1,400 students participating showed that retrieval practice through quizzing strengthened
long-term learning (Agarwal et al., 2012). Specific to Social Studies, a study with 142
middle-school students found a significantly different effect of quizzing vs. not being quizzed or
rereading. This was shown on both unit and semester tests. Repeated quizzing had more
significant results than repeated reading (Roediger et al., 2011).
It is crucial to consider anxiety related to quizzing and testing. In a study with 140
undergraduate introductory Psychology students, those with ungraded pop quizzes outperformed
students with graded pop quizzes or students with no quizzes (Khanna, 2015). Those with
ungraded pop quizzes also expressed that the quizzes helped them feel prepared at a higher rate
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than those with graded pop quizzes. This finding recognizes that retrieval practice through
graded quizzing and testing may create inadvertent negatives.
Students in courses with cumulative finals showed more success than students in courses
without cumulative exams (Khanna et al., 2013; Lawrence, 2013). Khanna et al. (2013) showed
that students with cumulative exams had higher scores on unit tests vs. non-cumulative finals.
Additionally, students in courses with cumulative finals did better on exams 18 months after the
class than those in courses with non-cumulative finals in core and upper-level Psychology
courses with content exams. Lawrence (2013) found that students who had cumulative exams
throughout the semester outperformed peers with only a cumulative exam at the end. These both
show extension of the testing effect.
Distribution of Learning - The spacing effect and interleaving make up distributed
learning. The spacing effect requires students to work with concepts over time for increased
retention, and interleaving mixes topics of study from the past with the present (Agarwal et al.,
2012; Kapler et al., 2015; Liming & Cuevas, 2017; Roediger & Pyc, 2012).
Unfortunately, there is no spacing amount that always works, but for longest-lasting
learning, longer spacing should occur between practice sessions (Roediger et al., 2019). When
comparing the length of time for effectiveness, a study with 169 undergraduate natural science
students showed a significantly different effect of reviewing one vs. eight days after initial
learning on a retention test five weeks later. Those who reviewed eight days after learning had
higher scores for both factual and application questions than those just reviewed one day after
the content (Kapler et al., 2015). When examining the method of information presentation,
information can be presented and practiced in a massed or spaced manner. Massed practice is
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repeatedly practicing the same skill or information over and over again, while spaced practice
spreads out information or practice over time (Roediger et al., 2019). A study with 55
eighth-grade Social Studies students either reviewed information in a massed or spaced manner
(Liming & Cuevas, 2017). Students showed significantly higher scores on post- vs. pretests on
exams with spaced practice. However, this effect did not extend to final tests. Some limitations
were identified, though, and included sample size (there were only nine students in one group),
lack of student accountability, and student irritation with the study. However, another study did
show the spacing effect on final tests. Agarwal et al. (2012) found that delayed quizzes given a
few days after instruction instead of directly after instruction showed stronger retention of
information at the end of the year.
Interleaving practice is more effective for long-term learning than blocked practice
(Roediger et al., 2019). Roediger, Nestojko, & Smith (2019), noted a study comparing blocked
vs. interleaved practice on volume estimations. Students with blocked practice initially had more
accurate estimates, but students with interleaved practice were 43% more accurate after four
weeks of practice. In another study with undergraduate Accounting students, higher long-term
retention was shown in later Accounting courses after a comprehensive practice approach instead
of a topical approach (Fatemi et al., 2015). They gave students application tasks that either
applied singly to an individual unit’s topics or required them to apply topics from the course up
to that point. The comprehensive application that brought together learning from across the
course led to better recollection of introductory Accounting information on upper-level courses.
Additionally, students with cumulative finals outperformed those with non-cumulative finals in
an introductory Psychology class (Khanna et al., 2013).
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Successive relearning - Retrieval practice and distributed learning were looked at
separately above but go logically together when imagining an authentic classroom experience.
Successive relearning is essentially a hybrid method that brings together retrieval and spacing
overtime in one (Rawson et al., 2013). Instead of attempting to separate them, some researchers
looked at their impact cohesively. One study that evaluated this combination included 79
undergraduate Psychology students. The students used the retrieval-monitoring-feedback (RMF)
technique and took cued-recall tests throughout the course of the study. The RMF technique
required students to utilize the spacing effect while partaking in elaborative rehearsal to prepare
for practice tests. This combination of strategies had an extremely positive impact on consequent
course exams - students averaged one letter grade higher than those without the successive
relearning strategies (Rawson et al., 2013).
Understanding the Impact of Individual Student Differences
When taking into account individual differences between students, results identify
different success methods for different groups of students. The literature shows that high and low
performers benefit from differing strategies (Carpenter et al., 2016; Khanna et al., 2013). In a
study looking at studying methods in an undergraduate Biology course with 275 participants,
high performing students did better when they utilized retrieval of definitions. Simultaneously,
low performers did better through rote copying of definitions (Carpenter et al., 2016). Another
study divided participants into three groups. Students in the bottom third showed the most gains
from repeated testing than those in the top third (Khanna et al., 2013). However, methodology
needs to be considered as retrieval practice is not as effective if initial learning is not strong
(Carpenter et al., 2016). In a study looking at 116 Calculus students, the lowest-performing
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students had the most significant gains after cumulative homework questions (Beagley &
Capaldi, 2020). Additionally, in another study, high performing students had a better judgment of
their actual learning level (metacognition) than middle or low performers who showed
overconfidence (Carpenter et al., 2016). These studies show that one-size-fits-all may not work
for every student and that varying methods may enhance greater learning success for specific
groups.
Developing Student Metacognition to Improve Outcomes
The previously mentioned strategies and practices put most of the responsibility on
educators as facilitators. Instead, some studies analyzed how students themselves could have an
impact on and improve their retention of information through metacognitive development (Ariel
& Karpicke, 2018; Dunlosky & Rawson, 2012; Karpicke, 2009; Karpicke & Grimaldi, 2012;
Littrell-Baez et al., 2015; Rawson et al., 2013).
Metacognition is thinking about one’s own thinking. It is a reflective process for students
to recognize what they know or do not know and predict how they will do in the future to make
studying most effective (Littrell-Baez et al., 2015). This allows students to guide their own
learning. Introductory Psychology students in two experiments showed that those who more
accurately judged their initial learning held onto their knowledge better. Conversely, those who
were overconfident on their initial learning learned the least. This shows a concerning student
inability to judge their own learning (Dunlosky & Rawson, 2012). In a review article analyzing
numerous studies, lack of metacognitive awareness was shown by students in their failure to
understand the benefits of retrieval practice strategies, even after engaging in them in class
(Karpicke & Grimaldi, 2012). When undergraduate Psychology students regulated their learning
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in multiple studies, they tended to shy away from retrieval practice, leading to lower learning.
When given options to test, study, or remove items in a rehearsal scenario, many students
removed items instead of using retrieval practice to work with them. This showed many
students’ incorrect belief that they no longer needed to engage with it once they correctly
identified an item. Those students had lower overall retention of the information (Karpicke,
2009). These findings should be concerning to educators and guide a path to help their students
build up to directing their own analysis of knowledge for better long-term gains and consequent
strategies that are effective for improvement.
One specific strategy that shows benefits for metacognitive development is reflective
writing or journaling (Cazan, 2012; Smith et al., 2007). Smith and colleagues (2007) investigated
the effects of metacognitive journal prompts on student outcomes. In their study with 86
ninth-grade World History students, students who engaged with journaling vs. no journaling had
higher overall grades. Additionally, the type of questions asked mattered. Students who journaled
on cognitive, metacognitive, and affective prompts showed a greater increase in grades than
those who journaled on only cognitive and text-focused questions. Cazan (2012) explored the
connection between learning journals with similar prompts in the Smith, Rook, & Smith (2007)
study and self-regulated learning strategies that lead to academic success. Students who engaged
in the learning journals improved their organization, increased their efforts to monitor their
learning, and showed more initiative to develop a plan to better their learning. Even without
writing, when students engaged in metacognition through expressing why they think one way or
another through self-explanation verbally or internally, it resulted in stronger learning (Roediger
& Pyc, 2012).
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Taking it one step further, studies have shown that when students are explicitly taught
about best practices to use, many consequently adopt those practices for success (Ariel &
Karpicke, 2018). Ariel & Karpicke's (2018) study instructed 131 undergraduate students learning
terms in a new language about effective study methods. Afterward, the participants who chose to
use them on their own resulted in significantly higher scores. Additionally, successive relearning
benefits showed effectiveness even in a low-fidelity environment where students utilized study
methods taught independently and not in a lab setting (Rawson et al., 2013).
Considerations for Implementation
This literature review provides useful rehearsal strategies, important patterns to note, and
guidance for moving the learning process into students’ hands. When evaluating these findings
for implementation, some specific considerations and final takeaways came to light from across
the reviewed works.
When comparing restudy to retrieval practice, retrieval practice has more effect (Rawson
et al., 2013; Roediger et al., 2011). Therefore, educators should learn and implement effective
retrieval strategies to maximize students’ retention. Second, educators may wonder how much is
too little or too much. Studies showed that the benefits of initial learning criterion and relearning
grow with each additional practice up to three, then become logarithmic (Karpicke, 2009;
Rawson & Dunlosky, 2011). Because of this, educators can strive for three opportunities for
initial learning, then implement spaced relearning and interleaving for longer-term maintenance.
Third, studies showed that improving short-term learning affects longer-term learning (Kapler et
al., 2015; Rawson et al., 2013). Therefore, focusing on daily learning and unit-level recall has a
connection to long-term outcomes. Fourth, high and low-performing students may benefit from
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different tailored methods, and those with the most to learn can show the most significant gains
(Beagley & Capaldi, 2020; Carpenter et al., 2016; Khanna et al., 2013). Thus, educators must
identify the differences amongst their students and personalize as needed for optimum learning.
And fifth, students can develop their metacognition to take on the responsibility of their learning
with guidance from educators (Ariel & Karpicke, 2018; Dunlosky & Rawson, 2012; Karpicke &
Grimaldi, 2012; Littrell-Baez et al., 2015; Roediger & Pyc, 2012). If educators can scaffold and
teach the skills to evaluate learning, students can take ownership of their education and
outcomes.
Methodology
This study implemented classroom action research with strategies such as rehearsal
practice, ungraded quizzes, and metacognitive reflection to show their relationship with student
outcomes. These outcomes included self-assessment of learning, study habits of choice, and
assessment scores. Qualitative measures included exit tickets after each strategy (see Appendix
A) and a researcher observation log. Student unit assessments and results on select semester final
questions provided quantitative data. Students were also given a pre and post-questionnaire that
included qualitative and quantitative data for comparison before and after implementing the
strategies (see Appendix B).
The research subjects included 17 students in an 11th and 12th-grade Psychology course,
composed of five males and 12 females. The subjects attended a rural, public high school in the
midwestern United States during the 2020-2021 school year. Due to the COVID-19 virus, classes
were held in a hybrid format, with 14 of the students coming twice a week for in-person learning
and participating in asynchronous distance work the remaining three days. Three students in the
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study were entirely online. There was a two-week stint of distance learning in the middle of the
study due to increases in COVID-19 cases. In mid-September, I reviewed and discussed the
research with the students, talking about the purpose and potential outcomes and answering any
questions. Students and families had the option to opt-out of the research by signing and
returning a form; however, no students opted out. I am a Social Studies teacher in my seventh
year of teaching. In addition to Social Studies Education, I also majored in Psychology. This
background inspired me to bring together cognitive psychology and learning research for the
betterment of my students’ learning experiences.
For the research, pre and post-questionnaires written by me were given to collect data on
student self-evaluations of study habits and metacognitive confidence. Questions were explicitly
asked about current student study habits, if their confidence going into an assessment matched
their outcomes, and whether or not they knew successful strategies for learning and reviewing.
This provided a baseline measure and comparison.
Exit tickets were utilized to gather student perceptions of individual strategies. An exit
ticket is usually a brief question or questions that students complete once an assignment, lesson,
or task is finished. After engaging in one of the three strategies, students completed an exit
ticket that included how the strategy helped them determine what they did not know. They also
evaluated how the strategy would guide their future actions related to their learning or
reviewing.
During the study, I completed an observational record. This included what happened
when the strategy was implemented, any reactions or thoughts related to the observed strategy,
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and a rating of efficacy with an explanation. It was sorted by week and allowed for the
researcher to qualitatively note reflections on the tasks given.
Student assessment data was collected through unit exams. The averages of each unit
assessment during strategy implementation were recorded. My school collects unit exam
averages from year to year, so previous years’ data was also gathered for comparison. Data from
questions on the class semester final that corresponded with units of strategy implementation
was also collected, along with the previous school year’s data on the same final questions for
additional comparison.
A pre-questionnaire was given as a baseline before any strategy implementation. After
this point, I employed each of the three strategies to fit with the curriculum and schedule. This
was difficult and different than initially planned, given the Hybrid model and the abrupt shift to
Distance Learning in the middle of the study. The strategies were used throughout five units. All
items related to strategies or data collection were posted in our Learning Management System
(LMS) for students to access.
The rehearsal practice strategy was implemented once in one unit and twice in another
unit. I had planned to implement this more, but given the limitations of changes this is what was
possible. This strategy required the students to recall definitions of ten concepts or terms from
the unit in as few rounds as possible (see Appendix C). On the first page, the ten terms or
concepts were listed in the first column, student definitions were reported in the next column,
and final scores were written in the last column. Scores were determined through a provided
key, where each definition was divided into parts, and students evaluated their response to see if
it included all the necessary components. They wrote their final score for each as the amount
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earned out of the possible score based on their evaluation. If a student received scores lower
than perfect on a term, they would “move” those terms to the next round to try again. This
continued until every term had been perfected. Students noted how many rounds it took and
reflected on their learning and future actions in the exit ticket. All three instances of rehearsal
practice took place on Distance Learning days. Due to the strategy being completed entirely
away from school, I could not obtain detailed observational data.
Ungraded quizzes were used in four of the five units for a total of seven times. These
quizzes were LMS auto-graded, so students received immediate feedback. They included 3 to
10 multiple-choice, matching, or true/false questions and covered multiple days of content.
Once completed, students reflected in an exit ticket. This included questions on what topics they
did well on and where they could improve, if the strategy helped them determine what they did
or did not know, and how it will change their future actions toward their learning. I was able to
see student scores through the results feature in the LMS. Two ungraded quizzes were given on
in-person days, while the other five were given as asynchronous Distance Learning tasks.
Observational data was collected for the two in-person quizzes.
The metacognitive reflection strategy was utilized seven times throughout four of the five
units. This strategy was an exit pass and was given immediately following a lesson on new
topics or after a task like an article or video. This form included a summary of what was learned
during that class period or task, topics they felt they understood, topics they feel unsure about,
an explanation of how their learning changed from the lesson or task, and how it connected to
their lives. This strategy was implemented five times during in-person learning and two times as
a Distance Learning task. Observational data was collected during the five in-person reflections.
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The end of the fifth unit aligned with the end of the first semester, so students were given
a 20 question multiple-choice final on topics from across the first two quarters. I provided
special attention to the results of questions from the units included in this study. Once students
finished the final, they completed the post-questionnaire.
Data Analysis
The purpose of the research was to determine the impact of rehearsal strategies, ungraded
quizzes, and metacognitive reflection on student outcomes in a high school Psychology course.
The study’s design included quantitative and qualitative data measures, including pre and
post-questionnaires, exit tickets after strategies, an observational log, and student scores on
varying assessments. Data measured included current study strategies and self-awareness of
skills, effectiveness, and adjustments due to strategies, observed behaviors and reactions, and
scores on unit exams and the class semester final.
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The research subjects included 17 students in an 11th and 12th-grade Psychology course,
composed of five males and 12 females (see Figure 1).
The first research question addressed in the study investigated the impact of the strategies
on student self-perception of his or her study skills. Figure 2 shows the results from the pre and
post-questionnaire prompt: “I know successful strategies for learning and reviewing content that
help me feel prepared for assessments and long-term learning.” Thirteen students of the 17 in the
study took the pre-questionnaire, and another 13 took the post-questionnaire. Some students took
both, while others only took one or the other.
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The average between the pre and post-questionnaire for this question remained constant
at 4.15. However, the mode improved. In the pre-questionnaire, the most common response was
a 4 (agree). In the post-questionnaire, the most common response had changed to a 5 (strongly
agree). As shown in the post-questionnaire data, there was an outlier. My observations noted that
this outlying student seemed not to take the post-questionnaire seriously, as the student finished
very quickly compared to peers. This student also did not complete the pre-questionnaire. By
removing the outlier, the average for the post-questionnaire changes to 4.47.
Eleven students completed both the pre and post-questionnaire. In looking at the same
question as in Figure 2, all self-ratings were initially mid-to-high and remained the same in the
post-study (Figure 3). Before the study, one student was “neutral,” eight students “agreed,” and
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two students “strongly agreed.” After the study, one student was “neutral,” four students
“agreed,” and six students “strongly agreed.”
Looking at the change in individual participants, five students rated their knowledge of
successful study strategies as higher than in the pre-questionnaire, five students remained the
same as what they initially reported, and one student gave a lower rating. This shows the
consistency or growth that all but one participant had surrounding their knowledge of useful
study strategies.
The data was also analyzed using a paired-sample t-test to determine if the change was
significant since the pre and post-questionnaire results indicate the strategies had an
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improvement on knowing successful strategies for learning and reviewing. The difference was
not statistically significant: t(10)= 1.79, p = .10. However, the effect size of the difference in
scores from pretest to post-test was  d=.50, which would be considered a medium effect (Cohen,
1988).
Participants also described what makes them feel successful when learning something
new or preparing for a test. Responses were evaluated qualitatively, and common themes were
noticed (Figure 4). Response categories included quizzing oneself (i.e., using Quizlet, flashcards,
ungraded quizzes), having future success (i.e., good test scores), personal choices (i.e., getting a
good night’s rest), using a study guide, studying in advance, rewriting notes, rereading notes or
class materials, taking better notes to begin with, and studying (no elaboration for clarification).
The most common response was quizzing oneself, which slightly increased from before to after
the study. Students no longer listed future successes or rewriting notes.
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Ungraded quizzes emerged as a favorable strategy when comparing strategies. In the
post-questionnaire, students were asked, “Did the strategy help you learn what you did or didn’t
know?” Students responded with “yes,” “maybe,” or “no.” Data for the responses are shown in
Figure 5.
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All thirteen participants responded that ungraded quizzes helped them learn what they did
or did not know. About half of the students felt rehearsal practice helped them, two felt unsure,
and two responded no. The metacognitive reflection showed the least support, with only five
students identifying it was helpful, one unsure, and seven responding no. Students
overwhelmingly felt ungraded quizzes helped them identify their learning.
Some common themes emerged in open-ended student responses related to how the
strategies helped or did not help them identify their learning. Table 1 shows these trends, both
positive and negative.
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Table 1 Strategy - Help identify learning?
Strategy Theme # of
students
Rehearsal practice Helped gauge where they were at 5
Just rewriting, not relearning 2
Just a reminder of terms 1
Felt it was extra work 1
Ungraded quizzes Helped reinforce content 2
Low pressure 2
Build confidence 1
Metacognitive Reflection Just a summary, not changing thinking 3
Helped reinforce content 2
Helped gauge where they were at 2
Forced writing doesn’t help learning 2
Felt forced to change learning every time 1
Similar to Figure 5, students responded positively about ungraded quizzes. They only
noted good things about that strategy, while the other two were mixed. Some students felt
rehearsal practice was busy work and that metacognitive reflection implied they always needed
to change their thinking with each new lesson.
Additionally, in the post-questionnaire, students were asked, “Did the strategy change
what you did next for your learning?” Again, students responded “yes,” “maybe,” or “no.”
Figure 6 shows the response data.
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Again, the ungraded quizzes strategy showed preference from the students. Nine students
indicated that the ungraded quizzes changed their next steps for learning. Metacognitive
reflection was the least impactful. Eleven of the 13 participants indicated it did not help guide
what they did next for their learning. In the open-ended section, nine students indicated they
liked that ungraded quizzes allowed them to look back and clarify items they got wrong. One
even noted they used the ungraded quizzes as later study guides. An interesting student response
about metacognitive reflection included that the strategy felt more like a “teacher” strategy than a
“student” strategy. The teacher could look over the responses to see where students were at, but it
did not really help students see where they were on track or off in their thinking.
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The final question of this section asked students, “Do you believe you will use the
strategy again on your own?” Students gave “yes,” “maybe,” or “no” answers. Figure 7 shows
student responses.
Four students indicated that they would use ungraded quizzes again independently, while
two indicated they would use rehearsal practice again. Metacognitive reflection was listed as
something nine of the students would not use on their own. This continues the trend shown in the
previous two questions about the strategies favoring ungraded quizzes over rehearsal practice or
metacognitive reflection.
The second research question addressed the success of the strategies on student
knowledge. This was measured through scores on unit assessments and the semester final. Figure
8 shows assessment scores for the units during the study across the past four years. Except for
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the Learning unit, scores across the unit assessments seem higher. However, no statistical tests of
group differences were conducted. This data also remains inconclusive as the type of assessment
given during the hybrid learning model differed from the traditional assessment given during the
previous years.
When comparing semester final results from the year of study to the previous year, the
opposite is shown (Figure 9). Students in the 2019-2020 school year achieved a higher average
score than the students in the study.
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Although students responded favorably to some of the strategies and plan to use them on
their own in the future, semester final scores did not show a significant impact. Given that
students were only in school two days a week or entirely online and had many other
COVID-related stressors, it is difficult to make a definite conclusion about this data.
Discussion
This research aimed to examine the effects of retrieval and metacognitive strategies on
student outcomes in a high school Psychology course. Strategies used included retrieval practice,
ungraded quizzes, and metacognitive reflection. Student questionnaires collected qualitative data,
and unit test scores and final exam scores gathered quantitative data. Despite an increased
agreement and preference shown by students towards one strategy over the others, the results
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showed no significant difference in self-reported knowledge of successful study strategies.
Additionally, student scores on the semester final did not improve over the previous year’s
average.
Although no significant difference was found, there was a positive trend in students’
knowledge of learning and reviewing strategies. Of the eleven students who completed both the
pre and post-questionnaire, five students increased their level of agreement that they did know
successful strategies, and five remained the same. Only one student decreased from the
pre-questionnaire rating. Additionally, when looking at all participants’ raw scores on their level
of agreement on the statement, the mode of the data shifted from the pre to post-questionnaire.
Before the study, the most common response was a 4 (agree). After the study, the mode had
changed to a 5 (strongly agree). With nearly half the participants increasing their ratings and the
mode of the data shifting to strongly agree, this shows promise for the future.
Students identified a clear preference towards ungraded quizzes. All thirteen participants
noted they felt the strategy helped them learn what they did or did not know. Nine students said
the ungraded quizzes changed what they did next for their learning. Students also rated ungraded
quizzes as the most likely strategy they would use on their own. While the other two strategies’
feedback was mixed, student comments about ungraded quizzes only included positive feedback.
Students liked that the strategy was low-pressure, reinforced the content, and helped build their
confidence. I also enjoyed the strategy because it was simple to set up on the LMS system and
auto-corrected for immediate student feedback. Additionally, I could look at results to see areas
students struggled.
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Such positive results were not found for rehearsal practice and metacognitive reflection.
Although eight students expressed that rehearsal practice helped them learn what they did or did
not know, six said the strategy did not change what they would do next for their learning.
Metacognitive reflection was even lower. Seven students said the strategy did not help them
learn what they did or did not know, and not a single participant confidently said they would use
it again on their own.
The study encountered several confounding variables. The largest of these was the
COVID-19 pandemic. The school was in a hybrid model for most of the study with a two-week
stint in distance learning. Due to this, most students were only physically in the classroom two
days per week and had asynchronous lessons the other three days. Three participants had opted
to attend school entirely online, so I could only work with them for 30 minutes per week via
Zoom.
Most of the strategies were assigned on asynchronous days, so I could not clarify or
reexplain in-person. Students did not have many questions through email or messaging, but any
confusion may have been identified immediately had they been in person.
The learning model also posed a problem due to the lack of student engagement on
asynchronous days. There was no instance of strategy implementation that included all 17
participants. Some instances had as few as four participants. In the asynchronous model, it was
easier for students to disengage and I did not have a method to be sure they participated. The
strength of the strategies’ effectiveness may have been more distinct had all participants
completed each instance of the strategies.
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Additionally, students who tended to disengage were those with lower assessment and
completion rates, thus potentially lower knowledge of strategies to use for school success.
Previous research had noted that the lowest-performing students had the most significant gains
through utilizing varying retrieval strategies (Khanna et al., 2013; Beagley & Capaldi, 2020).
These findings made me wonder if the disengaged students in the study had the most to benefit
compared to the students who did follow through on tasks. Unfortunately, due to no
follow-through by those students, this could not be analyzed.
The school year’s hybrid and distance models may have also had a negative impact on the
participants’ semester final scores. One may be quick to conclude that the strategies did not
positively impact long-term learning based on the study’s lower scores. However, the
participants had a vastly different school year than the previous year. It is difficult to say where
the strategies failed or the school year’s challenges got in the way. Data on the final and strategy
implementation could have easily been skewed by individual students’ data with a sample size of
just 17 students of varying participation levels.
Although the results were inconclusive for the quantitative data, the study did provide
useful next steps for the future. Educators looking to implement practical rehearsal strategies
should consider ungraded quizzes for their students. The ease of implementation and positive
student feedback shows promise for the method. I recommend a few ungraded quizzes per unit,
depending on unit length. More than one quiz per week seemed repetitive, and less than that
required too much content to be covered in a short quiz. Future research should be conducted
with larger sample sizes and in different learning models to further analyze the impacts of
ungraded quizzes.
RETRIEVAL AND METACOGNITIVE STRATEGIES 34
Educators should also consider reflecting after ungraded quizzes as a class. In the study,
students completed a digital exit ticket to reflect. Due to the hybrid and distance models, there
was little opportunity to talk as a class about how the quiz went. However, discussing what they
knew or did not know well as a class may have an additional positive impact. This would bring
together tenets of the metacognitive reflection strategy with the quizzes. Students did not show a
preference towards metacognitive reflection, but previous research has shown its success (Ariel
& Karpicke, 2018; Dunlosky & Rawson, 2012; Karpicke, 2009; Karpicke & Grimaldi, 2012;
Littrell-Baez et al., 2015; Rawson et al., 2013). This is another area for future research.
Ideas, strategies, and new methods to help students achieve the best outcomes in content
knowledge and student-led reviewing inundate educators. Analyzing with a critical eye and
choosing to use evidence-based learning strategies are the best ways educators can set their
students up for success. This study found research-supported methods to help students achieve
better short and long-term learning and build student confidence in leading their own studying.
Ungraded quizzes had the most positive impact on student perception of learning and guided
their next steps for reviewing. This strategy is a simple action, but one that can go a long way for
both educators and students and helps make learning and future actions the students’
responsibilities.
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